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^ (57) Abstract: A process for producing an n-type semiconductor diamond characterized in that a single crystal of diamond contain- 
ing 10 ppm or more of N is implanted with ions so as to contain 10 ppm or above of Li, or a single crystal of diamond is implanted 

1/^ with Li and N ions such that the ion implantation depths where the concentrations of Li and N are 10 ppm or above after ion im- 
plantation overlap each other to produce a diamond containing Li and N, and then the diamond is heat treated in a temperature range 

O at j east goo° and less than 1800°C thus activating Li and N electrically and restoring the crystal structure of diamond. The n-type 

^ semiconductor diamond contains 10 ppm or more of Li and N, respectively, at the same depth from the crystal surface and has a 

Q sheet resistance of 10 7 Q/D or less. 
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LitArCDfSM^O^ftO. l'7£tmT\ I©i9 0ppra^o 
feo 7V>^^tffT^ 1 3 3 3 cm- 1 ®^©^^?), ^^>F© 

($JEfll 3 ) 

L i fcNCrK^fcAfcHU *«E3WK (-19 6-0 fcJWWC, J.^ 

1 4 o o'carej&n o^T#mnii^^^psftAX7 i -> ? *^"r^. 

20 ^cMmJBE^4 0 0kVHt>EAiMWc. 

<^>aA-r§^'V ; e>V t ¥^^^ 2mmX2mm(D^^ (10 0) 
fSO. 3mmO*WE*JjtbftI bI^ft^t ; E>H© (10 

25 7 ° tLfc. <#>&\&fr£^3fc53**r. ^3fc*3V>T, keV©IIMt> 
SAX*M-$, cm- 2 ©ffl»H-XI^to ^BSte, CIRAfcfr^ 

itNOSAftlt 2 0fT1 0 5 0t*t#fib« 10^©i7X-;V$ 
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fTofCo Xx-^DttttfeflfcOajU 1. 3X10" 4 Pa (10- 6 t 

o r r) ©MTT, 1 4 5 0t, 1 0 >^7--;^fro fc. 

ofeo fr*5, S IMSm L i iN©^S^IfllO«gM^bfc. ^3<D 
5 st^No. 4 6 t4 7 <h 5 4 <D»$^lRj©*ft^*&l2l 3, 4, 5 t^t. * 

Stf>*A{ii (ppm) hW£ (Aim) £^3Kl:^-f. 



^3 



No 


-f 






Li 


N 








VMS. 1 


KeV 


cm" 2 


KeV 


cm" 2 






D 


G 




Q/a 


46 


10 


5.0xl0' 3 


30 


7.0xl0' 3 


0.05 


80 






a 


1.3xl0 6 


47 


60 


3.0xlO u 


250 


2-OxlO' 4 


0.25 • 


170 




m 


n 


1.5x10 s 


48 


40 


2.0xl0' 5 


150 


l.OxlO' 5 


0. 18 


1180 


* 


4ff£ 

TSlK 


n 


2. 8xl0 4 


49 


150 


5.0xlO u 


250 


l.OxlO 15 


0.30 


20 


* 




n 


1. 2xl0 6 


50 


20 


4.0xl0 13 


20 


2.0xl0 15 


0. 06 


15 






n 


8.6xl0 fi 


51 


50 


3.0xl0 15 


200 


l.OxlO 14 


0.22 


110 






n 


2.4x10 s 


52 


40 


2.0xl0 16 














n 


9. 1x10'° 


53 






100 


3.0xl0' 5 








m 


n 


l.OxlO 13 


54 


150 


5.0xl0 13 


250 


l.OxlO' 4 


0.30 


2 






n 


8.6x10 s 


55 


10 


5.0xl0 12 


30 


7.0xl0 12 


0.05 


8 






n 


2.8xl0 9 


56 


40 


2.0xl0" 2 


150 


l.OxlO 12 


0. 16 


1 






n 


1.6-xlO" 


57 


40 


4.0xl0 15 


100 


2.0xl0 15 


0.14 


2000 










58 


80 


l.OxlO 16 


350 


2.0xl0' 6 


0.27 


7050 











^3ck0> L i tNOift*^* 1 0 p pm^±TS5-f t>ffiA^$M^ 
^nCMtt, L i WiNHM&SSA^ L i fcNOl*«»ft* 1 0 p pm 

-Matfttt, 1. oxio 7 q/dj;^#<. HfflTOMr#^n^o 

fc e L i tNCD^F-XI^ 5. 0X10 16 cm- 2 $I^5^ t«£ 
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LiH^>ftAX^M-40keV, H-X12. 0 X 1 0 1 5 c m" 2 1 

5 U ArHt>ftAl^M-3 0 0 keV, 0X10 15 cm- 2 

*>ftAlfc. ^ ©SI- L i iAr©}§^#^©£&^£«0. 1 7 u m 
T?> 7 0 ppmti5^c. ^V>#^##rTW:, 1 3 3 3 cm-^e- 

io ^-ji/^^Tte, nmrc&ztmfe-znfztf, >>- hm,m*9. 3x10 10 

l i tN©-f -*y&x\z\t, mw-^MUM (-19 6*0 K/^pIIET, &-o 

14 0 CC^T^l 0#T#mPlt^^M^AX7 i --^§^rT§^ 
15 fi^n^«JE^4 0 0 k Y<D^^y\f.—Ky-i > 2*£WckM : MMfe 1 0 0 k V 

<AiMiffi£-&j£Lfci bi#igi^t ; &>H (ioo) mx-i*y 

25 fo 
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^4 



Nn 

liU 




£Af&# 




Li 


N 


Li£N£>ft&D 








cm 


IYcV 


LIU 


PRC 


IKK 


n 
u 


r 

VI 








1 0 


5 OxlO 13 


30 


7. 0x10" 


0. 05 


80 




7\SS 


n 


1. lxlO 6 


U VJ 


60 


3.0x10" 


250 


2.0x10" 


0. 25 


170 




M 


n 


1. 3xl0 6 


61 


40 


2. OxlO 16 


150 


1. 0x10" 


0. 18 


1180 






n 


2.4x10* 


62 


150 


5. 0x10" 


250 


1. 0x10" 


0. 30 


20 




fa 


n 


1. OxlO 6 


63 


20 


4. 0x10" 


20 


2. 0x10" 


0. 06 


15 




M 


n 


7. 3xl0 6 


64 


50 


3. 0x10" 


200 


1.0x10" 


0. 22 


110 






n 


2. 0x10 s 


65 


150 


5. OxlO 13 


250 


1. 0x10" 


0. 29 


2 






n 


8.-7xl0 9 


66 


10 


5.0xl0 u 


30 


7.0x10" 


0. 05 


8 




Hk 


n 


2. 6xl0 9 


67 


40 


2.0x10" 


150 


1.0x10" 


0. 16 


- 1 






n 


1. 7x10" 


68 


40 


4. OxlO 15 


100 


2. 0x10" 


0. 14 


2000 










69 


80 


1.0x10" 


350 


2.0x10" 


0. 27 


7050 











5, L i £ N SlWfc-f ^>^A-T ^ cfc "5 tbT, L i tNOfitW 1 0 p 

^Wi^t, mtta^^Hmrs tmz, l i tN^t^tm 

U l i £N*IWfc>f :fr>£AU ££^®^tf-ATO£L&^i#^K:#;^ 
10 ^ni^bt, L i <h NO 1 0 p pm^±T^§Wl^^Vi 

nM(D**VT&^7mmrz%tc.&> ^-vnm*. 1. oxio 7 q 

X»#, 5. 0xi0 15 cm- 2 $i^i^ ^t ; e>FO^Wl 
15 U£«J4) 

L iHt>SAX^M-4 0keV, F~-X*2. OX 10 15 cm" 2 1 
U ArHt>aAI^M~3 0 0 keV, F*-X*l. OX 10 15 cm" 2 

^->aAL.75:o ^(Dmm> LiiAr©igM«!S:^§ttO. 1 8 
20 t> «8 5 0 p pmt2&ofe, 5^>»^(1 1 3 3 3 c m" 1 © tf~ 
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•fc-)mmwfe-cn. nmv%z ^mfc-smtn*. ->-bmm\t9. 5x1 0 10 

(mmms) ... 

-ft>aAt *y^ ; E> 1***1**, ^m^jE^ufei 1 ai^n> 

w& (i o o) tvtco ^-t>mx(Dm^m^ (27^) »i 

3 G P a 1M±OjE^TT, 8 0 0^11 8 0 0^^1^11 H 



^5 



* No 


-f 


EA^fe# 






Li 


N 




> 




KeV 


cm" 2 


KeV 


cm" 2 




mm 


D 


G 




O/D 


70 


30 


4.0x10" 


90 


2. OxlO 14 


0. 12 


300 






n 


1. 6xl0 6 


71 


40 


2. OxlO 16 


100 


2. OxlO 16 


0. 15 


1200 






n 


3. 8x10* 


72 


70 


3.0x10" 


300 


4. OxlO 15 


0. 27 


1600 






n 


1.4x10* 


73 


80 


2. OxlO 16 


350 


3. OxlO 16 


0. 28 


13900 




M 


n 


1. 5xl0 3 


74 


40 


2. OxlO 15 












M 


n 


8. 9xl0 10 


75 






100 


3. OxlO 16 










n 


1. OxlO 13 


76 


150 


5.0xl0 13 


250 


l.OxlO 14 


0. 29 


2 




M 


n 


8.4xl0 9 


77 


10 


5.0x10" 


30 


7. OxlO 12 


0. 05 


8 




M 


n 


2. 7x10 s 


78 


40 


2.0x10" 


150 


1. OxlO 12 


0. 16 


1 




M 


n 


1. 6xl0 10 



15 ^6 



No 


MOO) 


ffJi (GPa) 


70 


820 


3. 5 


71 


1750 


6. 5 


72 


1100 


6. 0 


73 


H50 


7. 9 


74 


1300 


5. 5 


75 


1000 


6.7 


76 


850 


4.0 


77 


J650 


5. 8 


78 


1200 


7.3 



m5, 6frt>m%£5lZ, ^#>&A^#^1^>K£3 GP a^Jt©aE;*7 
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Z\ft\Zttl>X, L i afe^Vi^Nm^A^, L i t.TSKDWkM'tfi&X lOppm 

5 &&&&&&& zu^m-sfe, nm<D3rArV7?-c7izmm-e%rztf, 

(Jt«iJ5) 

LiHt>ftAX^M-4 0keV, OXl0 15 cm~ 2 t 
10 U ArHt>ftAi^M-3 0 0keV, K— 0xi0 15 cm" 2 
<h LT, ^t>aAniU IMI^MtlOOOt:, JEE^J 6 . 7GPa 

^ L i £Ar (D^#^©S&D^£teO. 17jiimT> i©i8 8 0ppm 
Tfeofeo ^>#^##rTtes 1 3 3 3 c m" 1 © £-£7 <D#/Tr& ^"V^E 

mmm 6 ) 



7 



No 




I 






(GPa) 


Li<hNcDfi&D 








mm 


D 


G 






73 


1450 


7.9 


0.28 


13900 






n 


1.5xl0 3 


79 


780 


2.5 


0..28 


13900 










80 


780 


4.8 


0.28 


13900 










81 


1000 


2.5 


0.28 


13900 


w 








82 


1900 


2.5 


0.28 


13900 










83 


1900 


4.8 


0. 28 


13900 
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S7*^«5<k5t, 8 0 0t*i^ 1 8 0 O t Ca±WMIfflt}l 77> 
ft^ftjfc-^^ 1 5 0 0 cm'^l 6 0 0 c m _1 fct!— ^^£ft3£fM4^lHtffeL- 
fc^o/i. Sfc, 8 0 0*C£JLhl 8 0 Ot:*S0lSlaITt), 3 GP a*^(D 

5 (^Jfifll 7 ) 

l i tN®-ft>ftxnn s^g^am (- 1 9 6*o tftaanwr, ja-^ 

1 4 0 0"C£T#n 0#T#iaWm^iP^ftAX7 i ---v > S:W-r§, 
»*ilDiS*flE* J 4 0 0 k V©>f :*>fcf— i>7^>2*£**j&Di£*JEl 0 0 k V 

10 i-t>ftAt§^tt>F#ISi$, SSfflSfJE^Ufel I aS!*^^ 
Ftlfc. ^$(t 2mmX2ram«0. 3mmTS5. 2X2mm<7)@ 
(10 0) tit >T -9 7*C<hb, 2 

>^Sr^<Tfe«)^, Li, N<hfclC7° £U OkeVOif h- 

*MB3*#tt3GP aRJt©JB=2jTT, 8 0 O'CfiUil 8 0 0t**ttUfcK 



^8 



No 








Li 


N 


Li£N<DS&0 








KeV 


cm" 2 


KeV 


cm" 2 


m% 




D 


G 




Q/D 


84 


30 


4.0xlO u 


90 


2.0x10'* 


0.12 


300 






n 


1.3x10 s 


85 


40 


2.0xl0' 5 


100 


2.0xl0 15 


0.15 


1200 






n 


3.2xl0 4 


86 


70 


3.0xl0' 5 


300 


4.0xl0 15 


0.27 


1600 






n 


1. lxlO 4 


87 


80 


2.0x10'° 


350 


S.OxlO 16 


0.28 


13900 






n 


1.2xl0 3 


88 


150 


5.0xl0' 3 


250 


l.OxlO 14 


0.29 


2 






n 


8.5xl0 9 . 


89 


10 


5.0xl0 12 


30 


7.0xlO u 


0.05 


8 


* 




n 


2.6xl0 9 


90 


40 


2.0xl0 ,1! 


150 


l.OxlO 12 


0.16 


1 






n 


1.5x10'° 
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No 


mm en) 




84 


820 


3.5 


85 


1750 


6.5. 


m ■ 


1100 


6.0 


87 


1450 


7.9 


88 


850 


4.0 


89 


1650 


5.8 


90 


1200 


7. 3 



SfrZmz&o^ ^ ^>£A£fr5^^>hM;:«^H-A£{Jitt 
b7&/&t£L i tN^^C, L i tN©»t#« 1 0 p pm^JrT&^'f 
5 &A^£^&D£5£5£-r:*->&AU rt^A^O^^^ F£3 G 
P a ^±©ff^]TT, 8 0 0 X2U± 1 8 0 0 t*l®fil««t?' £ t 

Z.tl\ZftLT. L i £N£>3!^&* 1 0 p pm^lTfe^WM^^ 
nSo^t U T^-f :/W:lWBT*fcj&«, $/- Mfttttt, 1 . 0 x l o 7 Q 

(JtttW7) 

15 LiHt>ftAX^M-40keV, F-XM2. 0 X 1 0 1 5 c m -2 
U ArHt>ftAX^M~3 0 0 keV, F-XSl. 0X10 16 cm- 2 
iUT, -T £U 2 0 QIC, ^6. OGPa 

LitArOifltM©fiftt)ff*tiO. 16itmT\ fS(t8 9 0 ppm 
20 T&ofco 5^>#^##rTfc3u 1 3 3 3 cm-^lf-fW*?), 

25 LitN©^t>Mfr^8©No. 8 7t«Uiil!lI^tl 
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o 



No 








EE^J (GPa) 


Li£N<£>&&0 








MS. 


D 


G 




Q/D 


87 


1450 


7.9 


0.28 


13900 






n 


1.2xl0 3 


91 


780 


2.5 


0.28 


13900 




*r 






92 


780 


4.8 


0. 28 


13900 


ft 


*r 






93 


1000 


2.5 


0.28 


13900 




*r 






94 


1900 


2.5 


0.28 


13900 




*r 






95 


1900 


4.8 


0.28 


13900 











5 " 

gll 0^<b¥iJ&£5fc:, 8 0 Ot:*^ 1'8 0 O'C^JbcDiaglllST^, 

>^^tJfT, 1 5 0 0 cm"'~l 6 0 0 cm" 1 \z¥— ?&frZ>Mfe£k&&\5\fe 

Vtafr-ofco 8 O O'CJJlll 8 0 Ot^i^MMiTfe, 3GPa*i 

10 

1 5 muz n ^ > h *^-r s £ t * s . 

20 So 
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1. NS10 p pmEUrMrT*^ ^>F¥»II1C, LiSrO p pmkLL 
^tr^fc-r^&AbT, L i t N 5 ttt 5 t > 1^ Sf^^t -5 IS 
5 ItTffiL i-iNSfrtt5^tt>H*, 8 0 CCJ^Jbl 8 0 OIC^CD®. 

IT, -<t>ftAt©L i «i:N©tg^^ 1 0 p prnJ^T^-S-ft^Af 

l i i:Ns#^r-r<5^'rir ; &>h i <&, 8 o o°cj^_hi 8 o o°c^om^iSfflT 

15 glifcfr&T&oT* -f:t>&A»>L i tNCDi^#* 1 0 p pmBLtT?&5 
-f^>^A«IS^a^t)-&"5<k'5^ lOLitNO^f|-H-X1^5. 0X1 
0 1 5 cm" 2 &T*T?&*«fc3fc-f ^>ftA*r^Ct5r#Mi:t-§, nl¥t* 

^^t^i* Ottawa?. 
20 /but, -r^>^A-r^^-r^ ; E>h*ws^«^tf-A^mi>fu^e ( , li 

<h N £ RB$fc -f :* >£AT 5 d t i t§ , fflfcfcSt 3 Kffifc© n 

5. :*>S=ASfc0^fir : E>l*&» 3GP aELbCDlSJE&frTr, 8 0 0^ 

25 ^ywrnrnttiko 

6. l i iN^ m&mm&zkvmzte^ft^ni o p pmw^i/t^ 
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